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Popliteal entrapment syndrome
William D. Turnipseed, MD, Madison, Wis
The term popliteal entrapment syndrome was initially
coined by Love and Whelan1 in 1965 to describe the
unique constellation of neuromuscular and ischemic symp-
toms in the lower extremity resulting from pathologic
impingement behind the knee.2 Awareness of this condi-
tion dates back to the 19th century when it was described
by Stuart in 1879.1 The original concept of popliteal en-
trapment was based on the discovery of an abnormal ana-
tomic position of the popliteal artery that deviated medially
around the medial head of the gastrocnemius muscle. Since
then, numerous congenital musculotendinous variations in
the development and insertion of the medial gastrocnemius
and popliteus muscles have been associated with this con-
dition.3 Although these anatomic variations appear to be
uncommon, abundant clinical evidence suggests that they
are associated with an increased risk of threatening lower
limb ischemia. However, more recent clinical observations
on the basis of noninvasive screening tests and prospective
patient assessment suggest that popliteal impingement can
occur without any evidence of anatomic abnormality and
that symptoms associated with this condition rarely occur.
Functional popliteal impingement appears to be a normal
physiologic variant that may only become symptomatic and
cause neuromuscular claudication or paresthesia when re-
petitive overuse or orthopedic injury occur.4-6
This article evaluates the clinical similarities and differ-
ences between anatomic and functional forms of popliteal
entrapment. The clinical syndromes resulting from ana-
tomic and functional entrapment differ considerably as do
the indications and surgical procedures necessary for treat-
ment.
PATIENTS AND METHODS
Between 1987 and 2000, 240 patients (102 men, 138
women) have undergone evaluation for symptoms of atyp-
ical lower extremity claudication. Most had long-standing
symptoms (mean duration greater than 24 months) classi-
cally manifest with paresthesias or with swelling and cramp-
ing of isolated muscle groups. For the most part, symptoms
were aggravated by vigorous athletic activity, would abate
with rest, and rarely limited day-to-day activity. Most of
these patients were diagnosed as having chronic exertional
compartment syndrome. Although the age range varied
widely (12 to 71 years), the median age of patients for
surgical treatment was 28.5 years. Only 11 of the 240
patients (4.6%) were more than 50 years of age. Patients
with symptoms referable to the anterior, lateral, and poste-
rior superficial muscle compartments had compartmental
pressures measured with the Striker computer system
(Striker Surgical, Kalamazoo, Mich). Normal resting lower
extremity compartment pressures are less than 15 mm Hg.
Resting pressures greater than 20 mm Hg were considered
abnormal and consistent with chronic compartment syn-
drome. Pressure measurements were not performed in pa-
tients with deep posterior compartment symptoms because
of the increased chance of neurovascular injury and because
of difficulty in determining which compartment was actu-
ally being measured. All patients had ankle brachial indices
and stress positional plethysmography to screen for popli-
teal entrapment. This consisted of waveform and index
determinations with a pencil Doppler probe placed over the
posterior tibial artery. Ankle plethysmography and indices
were determined with the knee extended and the foot in
neutral, forced plantar, and dorsiflexion positions. A posi-
tive stress test consisted of an ankle brachial index drop of
greater than 0.50 or flattening of the plethysmographic
wave forms in plantar or dorsiflexion.
Although duplex imaging of the popliteal vessels was
originally used to evaluate all patients with positive stress
plethysmography, we have discontinued its routine use
because this test affords little in the way of additional useful
diagnostic information. Both tests are accurate for showing
circulatory change in the lower extremity associated with
stress impingement. We use stress plethysmography be-
cause it is cheaper and less time consuming than duplex
testing. We have not found plethysmography or duplex
imaging tests to be helpful for determining which muscu-
lotendinous structures are responsible for popliteal im-
pingement. Those individuals with absent or weak distal
pulses on physical examination had pulse volume record-
ings (PVRs) performed at rest and after exercise (1.5 mph,
10-degree elevation for 5 minutes). Symptomatic patients
with PVRs suggesting intrinsic arterial disease because of
abnormal resting or postexercise studies and those individ-
uals with abnormal stress positional noninvasive tests sug-
gesting popliteal entrapment had lower extremity magnetic
resonance angiography (MRA) or digital subtraction arte-
riography. Arterial imaging was performed on symptomatic
patients with positive entrapment screening studies with
the knee extended and the foot in neutral and dorsi/plantar
flexion positions. Transesophageal echocardiography and
comprehensive coagulation workups were performed in
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those individuals with peripheral vascular occlusions when
no source of peripheral thrombosis or embolism could be
detected with arteriography.
RESULTS
Only seven of 240 patients (2.9%) in this clinical series
had physical findings or noninvasive tests suggesting the
presence of intrinsic vascular occlusive disease. The five
male and two female patients had a mean age of 43.6 years
(range, 17 to 69 years). The most common symptoms
were: claudication (n 3; 43%), ischemic skin change (n
3; 43.3%), paresthesia (n  1; 14%), and edema (n  1;
14%). All seven patients had lower extremity PVRs per-
formed at rest and after exercise. Two of the seven had
absent or weakened pulses in the symptomatic limb with
coexistent abnormal resting ankle brachial indices. The
remaining five patients had normal resting and postexercise
PVRs. Venous duplex testing performed in one patient
with positional calf swelling showed no evidence of deep
venous phlebitis or valvular incompetence. However, stress
duplex venography with forced plantar and dorsiflexion of
the foot suggested extrinsic popliteal vein compression
consistent with entrapment. This was confirmed with stress
positional contrast venography. Standard contrast arterio-
grams (digital subtraction arteriography) were performed
in five patients and MRA in one patient with ischemic
symptoms. The diagnosis of popliteal entrapment was not
initially considered in any of these before diagnostic arte-
riography. Only one patient had the correct presumptive
diagnosis of popliteal entrapment made on the basis of
initial angiographic findings. A 17-year-old male patient
had displacement of the proximal popliteal artery medial to
the medial head of the gastrocnemius muscle. A minimally
stenotic plaque in the mid-portion of the popliteal artery
also was discovered along with segmental occlusion of the
distal posterior tibial artery suggesting embolization. Con-
firmation of the diagnosis was made with stress arteriogra-
phy with the foot in forced plantar and dorsiflexion posi-
tions. Contrast arteriography was initially performed in one
patient with rest pain, absent distal peripheral pulses, and
abnormal PVRs suggesting complete occlusion of the pop-
liteal artery and in another patient because of claudication
and an abnormal PVR examination. Arteriograms were
performed in three patients with digital ischemia. One had
a palpable popliteal aneurysm and two had palpable distal
pulses with no evidence of intrinsic peripheral occlusive
disease with noninvasive testing. The diagnosis of popliteal
entrapment was initially missed in five of these six patients.
One patient with calf swelling and positive venous duplex
stress testing had the diagnosis of popliteal entrapment
confirmed with contrast venography.
Only two of seven patients with calf symptoms had the
diagnosis of anatomic entrapment made before surgery.
One had a type I anomaly (medial arterial deviation around
the medial head of gastrocnemius) treated with arterial
transection, popliteal endarterectomy, and end-to-end
anastomosis of the artery replaced in the normal midline
position. The other patient with venous impingement had
an unclassified form of entrapment caused by compression
of the plantaris muscle and tendon and torquing of the
popliteal vein by geniculate branches that originated medi-
ally traversing the posterior surface of the vein to drain the
lateral thigh muscles. This patient underwent treatment
with resection of the plantaris muscle, transection of the
aberrant veins, and venolysis. One additional patient with
digital ischemia and a palpable popliteal aneurysm had a
type II anomaly with minimal medial deviation of the
popliteal artery and entrapment of the popliteal artery distal
to the aneurysm by medial attachments of the gastrocne-
mius muscle. This patient underwent treatment with resec-
tion of the aneurysm, primary end-to-end anastomosis, and
resection of aberrant medial muscle fibers. The remaining
four patients (two with claudication and two with digital
ischemia) were not initially treated for popliteal entrap-
ment. One patient with claudication had a mid-popliteal
artery stenosis treated with balloon angioplasty, and the
other patient had a popliteal artery occlusion treated with
thrombolysis. The two patients with digital ischemia had
normal appearing peripheral arteriograms and a negative
cardiac workup and were empirically started on warfarin
sodium therapy for prophylaxis. All four of these patients
had posttreatment noninvasive popliteal entrapment tests
that were strongly positive. Follow-up magnetic resonance
arteriography with dynamic plantar flexion stress confirmed
extrinsic compression in all four patients. The one patient
with focal popliteal stenosis treated with balloon angio-
plasty had a type II anomaly, and the patient with the
popliteal artery occlusion had a type III anomaly, both of
which were corrected with resection of aberrant muscle
fibers. The two patients with digital ischemia and no evi-
dence of intrinsic disease underwent treatment with partial
musculotendinous resection of the medial gastrocnemius
muscle. The posterior surgical approach was used for expo-
sure of the popliteal artery in all six of these patients. This
approach allows for better exposure of the proximal and
mid-portion of the popliteal artery or vein and enables the
surgeon to directly repair vascular lesions or to resect
abnormal musculotendinous structures in the popliteal
fossa. Although the medial approach can be advantageous
in patients needing distal bypass, none of these direct
vascular repairs would have been easy to perform via the
medial approach.
Two posttreatment complications (acute compartment
syndrome after thrombolysis and popliteal lymph fistula)
were seen in the anatomic entrapment group, both neces-
sitating surgical intervention. All seven patients have re-
turned to normal daily activity and are off anticoagulant
therapy. Noninvasive testing has shown complete resolu-
tion of mechanical impingement, and no recurrent symp-
toms have developed. Follow-up periods have ranged from
6 months to 4 years, with a mean of 18 months (Table I).
During the same 13-year interval, 30 patients have
undergone surgical treatment for functional popliteal en-
trapment syndrome (10 males, 20 females). Two of these
30 patients were referred from other institutions where
posterior knee explorations had been performed without
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finding an identifiable cause for popliteal entrapment. The
mean age was 24.5 years (range, 15 to 47 years). Although
stress positioning PVR studies were bilaterally positive in
26 patients (87%), bilateral symptoms were present in only
seven (23%). The most common symptoms were soleus
muscle cramping (n  30; 100%), plantar paresthesia (n 
13; 43%), and calf swelling (n  2; 7%). Fourteen patients
(47%) with functional entrapment release had previous or
concurrent anterior, lateral, or posterior muscle compart-
ment release procedures done for chronic compartment
syndrome. None of these patients had abnormal resting or
postexercise PVRs. The diagnosis of popliteal impingement
was established with stress positional plethysmography with
the knee extended and foot in neutral, forced plantar and
forced dorsiflexion positions in all 30 patients. Confirma-
tory stress positional duplex imaging and stress positional
magnetic resonance imaging (MRI)/MRA of the popliteal
fossa was performed in 16 of the 30 patients (53%). These
studies showed normally positioned popliteal vessels with
lateral compression of the neurovascular bundle from the
level of the tibial plateau to the lateral femoral condyle.
Dynamic MRI showed lateral displacement and compres-
sion of the neurovascular bundle against the soleal band of
fascia traversing the distal outlet of the popliteal fossa with
contraction of the medial gastrocnemius and plantaris mus-
cles. Vascular surgeons commonly disrupt this fascial band
when access to the tibial peroneal trunk is necessary for
infrageniculate bypass. Resection of the soleal fascia is
essential to prevent rescarring of the soleal canal at the
popliteal fossa outlet. Resection of the plantaris muscle
(which can be very hypertrophic in athletes) relieves neu-
rovascular compression at the level of the femoral condyle.
In contrast to patients with anatomic popliteal impinge-
ment, all patients with functional entrapment had incisions
made below the knee in the medial calf. The release proce-
dure consisted of fasciectomy of the medial gastrocnemius
muscle, take-down of the soleus attachments to the medial
tibia, and resection of the soleal band of fascia that inserts
laterally on the fibula. The plantaris muscle and tendon
were resected along with the posterior fascia of the popli-
teus muscle. This procedure has been described in detail
previously.5 Functional entrapment release surgery was
performed with general or spinal anesthesia. No deaths and
only four minor complications (two hematomas, one sa-
phenous neuritis, one tibial periostitis—all of which re-
solved without long term sequela) occurred. All patients
described relief or improvement in their symptoms. Of the
30 patients in this series, 27 were athletically active. Twen-
ty-four of the 27 (89%) returned to full athletic activity and
three retired from active lifestyles because of other injuries,
including Achilles tendonitis, stress fractures, or the devel-
opment of compartment syndromes in other muscle
groups. No recurrent popliteal entrapment symptoms or
redo releases have been seen to date. Follow-up periods
have ranged from 1 month to 11 years, with a mean of 65
months.
DISCUSSION
Popliteal entrapment syndromes are uncommon clini-
cal events that have captivated the interest of surgeons since
Hamming7 first described the surgical treatment of this
condition in 1959. As noninvasive screening techniques,
such as duplex imaging, PVR, and MRI have become more
widely used in the clinical evaluation of patients with lower
extremity claudication, detection of popliteal impingement
has become more frequent.8-12 Recently published clinical
review articles in the surgical literature have revealed a
growing awareness of what was once considered a rare
clinical condition and suggest that aggressive screening and
treatment for this syndrome be considered.6,13
Although a clear relationship exists between the devel-
opment of local occlusive or aneurysmal changes of the
popliteal artery in patients with impingement caused by
abnormal anatomic relationships between vascular and
musculotendinous structures in the popliteal fossa,14-18 the
prevalence and natural history of popliteal impingement is
still uncertain, particularly when it occurs in the absence of
any anatomic abnormalities. The biggest problem in treat-
ment of popliteal entrapment is making the appropriate
diagnosis. Surgeons should understand that the prognosis
and cause for symptoms in patients with anatomic and
functional forms of popliteal impingement are different.
Symptomatic patients with anatomic entrapment usually
have focal extrinsic compressive bands of tendon or fascia
that are associated with the development of intrinsic arterial
disease and subsequent ischemic symptoms, whereas indi-
viduals with functional entrapment have more diffuse lat-
eral compression of disease-free vessels and symptoms that
Table I. Anatomic entrapment classification (n  7; mean age, 43.6 years; range, 17 to 69 years)
Type I Medial deviation of popliteal artery around medial insertion of gastrocnemius muscle
(one patient: 17-year-old male [claudication])
Type II Minimal medial deviation of popliteal artery with entrapment by aberrant medial
attachments of gastrocnemius muscle (two patients: 42-year-old male [digital
ischemia]; 69-year-old female [claudication])
Type III Normally positioned popliteal artery with entrapment by aberrant lateral attachments
of medial gastrocnemius muscle (three patients: 46-year-old male [claudication];
42-year-old male [digital ischemia]; 53-year-old male [digital ischemia])
Type IV Normally positioned popliteal artery entrapped by popliteus muscle
Type V Above abnormalities entrap popliteal artery or vein (one patient: 33 year-old-female
[calf swelling])
Diagrams published reference 3.
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result from peripheral nerve compression. Patients with
anatomic and functional syndromes have distinct differ-
ences. Patients with anatomic entrapment are commonly
male (72%), older (mean age, 43 years) and more sedentary
(14% athletically active), have more restrictive claudication
symptoms (exercise distance two blocks 70%), and more
frequently have noninvasive test evidence of peripheral
occlusive disease (30%). Patients with functional entrap-
ment are younger (mean age, 24 years) and more com-
monly female (66%), are well-conditioned athletes or have
active lifestyles (90%), and have normal resting and postex-
ercise noninvasive tests. Unlike patients with anatomic
entrapment, the vast majority of individuals with functional
entrapment syndromes are highly trained athletes or phys-
ically active individuals involved in running sports (Table
II). Functional entrapment appears to be a form of overuse
injury and is much more likely to occur in the same popu-
lation afflicted with chronic compartment syndromes.
Thirty percent of all patients treated at our institution for
chronic compartment syndrome have positive entrapment
screening studies. Less than 12% ever have symptoms de-
velop referable to these findings. Symptoms associated with
functional entrapment appear to originate from neuromus-
cular irritation, whereas symptoms associated with chronic
compartment syndrome are associated with isolated abnor-
malities in muscle perfusion caused by increases in compart-
mental pressure.19
Although plethysmography or duplex imaging are use-
ful screening methods for detection of popliteal entrap-
ment, they cannot accurately distinguish anatomic from
functional mechanisms of impingement. As a result, arte-
riography has become the gold standard for establishing
the diagnosis and basing treatment of patients suspected of
having popliteal entrapment. Contrast arteriography has
historically been more commonly used for evaluating symp-
tomatic patients suspected of this condition and is probably
more appropriate for the evaluation of patients that have
clinical or noninvasive test evidence of intrinsic occlusive or
aneurysmal disease because patients with ischemic events
can be selectively treated with catheter thrombolysis or
balloon angioplasty. A reemphasis of the point that sur-
geons should always consider the possibility of popliteal
entrapment syndromes when ischemic symptoms related to
localized popliteal artery disease develop in young adults
with no apparent risk factors is important. Occasionally,
angiographically documented medial displacement of the
popliteal artery, plaquing in the mid-popliteal artery, or
development of mild aneurysmal change may provide sub-
tle clues that anatomic impingement is present. Whenever
these angiographic findings are encountered, stress posi-
tional arteriography should be performed. Although con-
trast arteriography is more commonly available, magnetic
resonance arteriography is probably the best test for diag-
nosing popliteal entrapment and distinguishing anatomic
from functional forms of the disease. T-weighted musculo-
skeletal studies provide detailed information regarding the
relationship between vascular and musculotendinous struc-
tures within and around the popliteal fossa. Intrinsic vascu-
lar disease also can be distinguished from extrinsic compres-
sion, and the mechanics of impingement can be
characterized with dynamic MRI.
The decision to use the posterior or medial calf ap-
proach for treatment of popliteal entrapment may best be
decided on the basis of the planned surgical treatment. The
posterior exposure seems more appropriate when local
repair of the popliteal artery or resection of musculotendi-
nous anomalies in the popliteal fossa are intended. When
vein bypass to the infrageniculate popliteal or tibial arteries
is necessary because of occlusive or aneurysmal changes, or
when resection of the soleal band and plantaris muscle is
Table II. Popliteal entrapment
Functional Anatomic
30 Patients (22 females, 8
males); mean age, 24.5 years
(range, 15 to 47 years)
7 Patients (5 males, 2
females); mean age, 43.6 years
(range, 17 to 69 years)
No. % No. %
Symptoms
Claudication 30 100 3 43
Paresthesia 13 43 1 14
Calf swelling 2 7 1 14
Digital ischemia 0 3 43
Positive stress test
PVR/ABI 30 100 7 100
Duplex 30 100 7 100
Arteriography
DSA or MRI/MRA with stress
Vascular stenosis/occlusion 0 6 86
Aneurysm stenosis/occlusion 0 1 14
Static arterial displacement 0 3 43
Stress arterial displacement 30 100 7 100
ABI, Ankle brachial index; DSA, digital subtraction arteriography.
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necessitated, the medial calf approach provides excellent
exposure of these structures with minimal dissection.
Our experience in treatment of both forms of popliteal
entrapment has lead to the conclusion that aggressive
screening with noninvasive tests is probably inappropriate
for asymptomatic patients. However, younger patients with
calf claudication should have noninvasive testing, such as
stress plethysmography or duplex imaging. Those individ-
uals with noninvasive tests who are positive for popliteal
impingement should have peripheral arteriography with
dynamic plantar and dorsiflexion of the foot. We prefer to
use MRA because it affords the risk-free opportunity to
evaluate musculoskeletal and vascular structures in the pop-
liteal fossa. Surgical treatment for symptomatic forms of
anatomic entrapment make sense, as does prophylactic
treatment of asymptomatic contralateral disease when de-
tected. However, surgical correction of functional im-
pingement without associated symptoms in our opinon
does not seem appropriate. No indication exists that pa-
tients with functional entrapment are at increased risk for
later vascular complication, and until this association can be
clearly established, therapeutic intervention is only indi-
cated when symptoms develop (Fig).
In summary, patients with anatomic entrapment are
more commonly male (70%), older (mean age, 43 years)
and more sedentary, have more restrictive claudication
symptoms, and more frequently have physical findings and
noninvasive test evidence suggesting peripheral occlusive
disease. Patients with functional entrapment are younger
(mean age, 24 years) and more commonly female (66%),
are well-conditioned athletes or have active lifestyles, and
have no physical findings or noninvasive tests suggesting
intrinsic disease. Surgical treatment is indicated whenever
anatomic entrapment is detected, but only when symptoms
develop with functional entrapment.
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DISCUSSION
Moderator. I should ask the rationale of treating the func-
tional obstruction by changing the anatomy of the popliteal fossa.
I mean, if you are resecting some tissue, there must be an anatomic
reason of the entrapment; otherwise, why would your operation
change functional entrapment?
Dr William Turnipseed. The functional entrapment syn-
drome is similar to thoracic outlet syndrome. Symptoms associated
with this condition are most commonly neuromuscular in origin
and are caused by lateral compression of the neurovascular bundle
against the rigid band of fascia that forms the posterior border of
the soleal canal. This band of fascia is the fulcrum against which the
neurovascular bundle is laterally compressed with forced plantar
flexion. The critical component of this operation is resection of the
soleal band. This is comparable with removing the first rib in the
thoracic outlet syndrome. The plantaris muscle is resected because
it compresses the neurovascular bundle laterally with plantar flex-
ion. This muscle is not essential for knee flexion.
Dr James C. Stanley (Ann Arbor, Mich). One may define a
condition as functional and not relevant to a vascular problem, but
are there circumstances under which continued excessive physical
activity can lead to vascular injury? I have in mind two young
female patients, one a competitive teenage tennis player and the
other a women in her mid-20s who was a very competitive college
basketball player. Both of these individuals had thrombotic com-
plications of a well-documented anatomic entrapment. In addi-
tion, their contralateral extremities were symptomatic with maxi-
mal physical activity, yet dynamic arteriography and magnetic
resonance studies did not document an anatomic lesion. The
question is, if these individuals were to continue their vigorous
physical activities, would the presumed functional problem of their
contralateral extremity put them at risk?
Dr Turnipseed. I think that this can only be answered by
linear follow-up over time. Characteristic of the first case is the
misdiagnosis. We usually do not think about popliteal entrapment
in people 20 or 30 years old. I can tell you that only two of the six
patients with anatomic impingement in this series were picked up
right away. These patients were a little older, and they were treated
with a variety of different primary therapeutics before we actually
evaluated them. The message here is that when you find bizarre
patterns of popliteal aneurysm or occlusive disease without appro-
priate risk factors in younger adults, they should be tested to make
sure that they do not have entrapment syndrome.
If the girl that has the lateral impingement has no evidence of
anatomic anomaly with computed tomography or magnetic reso-
nance, then I would not operate on her unless she develops
symptoms. I do not know the right answer to your question, but
what I am trying to get across here is that there is a different cause
for symptoms associated with functional and anatomic forms of
impingement.
Dr Stanley. Perhaps another way of addressing this issue
would be to ask what happened to those individuals who you
assigned a diagnosis of functional entrapment who continued to do
physical activities. Did any of them become symptomatic with
evidence of vascular problem? Certainly Dr Thomas Whelan’s
original report on this topic in military recruits who were under-
taking forced marching suggests that the time period required to
develop hypertrophic muscle and anatomic entrapment was not
measured in months or years but could occur acutely following
brief periods of physical activity. It may be that this issue cannot be
settled without a very large number of patients in follow-up, in
which case making a critical decision regarding one individual
patient may not be applicable to the clinical setting.
Dr Turnipseed. What I am saying is that asymptomatic func-
tional impingement should not be operated on to protect against
the potential of vascular problems. If a patient develops symptoms
of claudication, operate on them. I think our experience with over
65 months of average follow-up in a very active group of young
patients suggests that the procedure is effective for the treatment of
symptomatic patients. Ninety-five percent of patients that we
operated on went back to vigorous athletic activity without recur-
rent symptoms. Five percent made a decision to withdraw from
vigorous athletics, not because of a failure to respond to our
surgery but because of other orthopedic overuse injuries that they
were not willing to contend with.
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